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We, The Johnson-March Corporation. 
a corporation organized and existing under 
the laws of the Commonwealth of Penn- 
sylvania, United States of America, of 1724 
5 Chestnut Street, Philadelphia, Common- 
wealth of Pennsylvania, United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it 

10 is to be performed, to *be particularly de- 
scribed in and by the following statement: — 
This invention relates to the treatment of 
finely divided pulverulent material, and it 
more particularly relates to a method and 

15 apparatus for intimately mixing or blending 
different types of pulverulent materials with 
each other or with liquids. 

The attainment of a truly commercially 
feasible mixing process for pulverulent 

30 material has long been the object of re^ 
searchers in various fields, particularly in 
chemical plants, pharmaceutical plants, food 
processing plants, metallic and non-metallic 
ore processing plants, ceramic plants, foun- 

25 dries and similar installations. However, it 
has heretofore never been adequately accom- 
plished. This problem has been particularly 
troublesome in regard to the intermixing of 
solid and liquid particles and has long been 

.30 a problem in the dust control field where 
the thorough wetting of the solid particles is 
necessary for preventing the formation of 
dust clouds while the dust is being removed 
from the collectors and transferred to a re- 

35 moval means. 

It is, therefore, one object of the present 
invention to provide a method and appara- 
tus which will easily and efficiently accom- 
plish a thorough i ntermi xing of fine p articles, 

40 either pulverulent' solicls ^vith— pulverulent 
solids on-Dii Lverulent solids with liq uids in 
the form-of-sprays: — -> 
Another object of the present invention is 

. [Price 4s. 6d.] 



to provide a method and apparatus for 
thoroughly wetting finely divided pulvemlent 45 
material. 

Another object of the present invention is 
to provide mixing apparatus which is rela- 
tively inexpensive and easy to manufacture. 

According to the present invention, there 50 
is provid ed apparatus_ ioj^m ix - TO 
mat erials or a p ulvendent-material with a 
liquid, which comprises a vertical housing, 
an inlet for the admission of pulverulent 
material at the upper end of said housing, 55 
a vertically arranged cone provided with a 
serrated lower edge and positioned within 
said housing below said inlet for distributing 
said pulverulent material in a hollow cylin- 
drical form, the apex of said serrated cone 60 
being adjacent said inlet, means for propel- 
ling a spray of liquid or pulverulent material 
into said housing beneath said serrated cone 
and radially of said hollow cylindrical form, 
means for agitating the resultant mixture in 65 
said housing below said serrated cone and 
said propelling means, and means to dis- 
charge said nuxture below said agitating 
means. 

Preferably said propelling means com- 70 
prises means for propelling a spray of liquid 
or pulverulent material into said housing be- 
neath said said serrated cone radially in- 
wardly from without said hollow cylindrical 
form, and' means for propelling a spray of If 
liquid or pulverulent material into said hous- 
ing beneath said serrated cone radially out- 
wardly from within said hollow cylindrical 
form. 

The present invention also provides a 80 
method of mixing pulverulent materials or 
a pulverulent material with a liquid, which 
comprises dropping pulverulent material 
onto an upstanding cone having a serrated 
lower edge so that said material drops from 85 
said serrated lower edge in a hollow sub- 



2 



1,034,114 



staniially cyJindrical form, characterized ; n 
that a spray of liquid or pulverulent material 
is propeiled radially through said hollow 
cylindrical form. 
5 Preferably at least one spray of liquid or 
pulverulent material is propeiled radially in- 
wardly from the exterior of said hollow 
cylindrical form, and at least one spray of 
liquid or pulverulent material is propelled 

10 radially outwardly from the axial area of 
said hollow cylindrical form. 

Other objects and many of the attendant 
advantages of this invention will be readily 
appreciated as the same becomes better 

15 understood by reference to the following de- 
tailed description when considered in con- 
nection with the accompanying drawings 
wherein: 

Fig. 1 is a perspective view, partly broken 
20 away, of mixing apparatus embodying the 
present invention. 

Fig. 2 is a sectional view, with some parts 
removed, of the apparatus shown in Fig. 1. 
Fig. 3 is a fragmentary, sectional view 
25 taken on line 3-3 of Fig. 2. 

Fig. 4 is a sectional view taken on line 4-4 
of Fig. 2. 

Fig. 5 is a fragmentary, elevational view 
of a portion of the cone, and illustrating the 
30 flow pattern of "* the pulverulent material 
therefrom. 

Fig. 6 is a fragmentary view, partly in sec- 
tional and partly in elevation, of an alter- 
native embodiment of the present invention. 
35 Fig. 7 is a top plan view of an alternative 
agitating means to that shown in Fig. 1. 

Fig. 8 is a sectional view taken on line 9-9 
of Fig. 7. 

Fig. 9 is a top plan view of a second alter- 
40 native form of agitating means. 

Fig. 10 is a sectional view taken on line 
11-11 of Fig. 9. 

Fig. 11 is a diagrammatic view of an 
alternative form of feed apparatus to that 
45 shown in Fig. 1. 

Although, as indicated above, this inven- 
tion is generally concerned with the intermix- 
ing of particles which may be all solid as 
well as solid and liquid, the invention will 
50 be specifically described with reference to a 
wetting apparatus for pulverulent material; 
it being understood that this comprises only 
one embodiment of the present invention and 
is described for illustrative purposes only. 
55 Referring now in greater detail to the 
various figures of the drawings wherein simi- 
lar reference characters refer to similar parts, 
there is shown a wetting apparatus .generally 
designated 10 which comprises a vertical 
60 housing "12 of substantially cylindrical shape. 
The upper end of the housing is closed by 
a preferably removable plate 14 at the cen- 
tral portion of which is provided a feed spout 
16. The spout 16 is positioned at the outer 
65 end of a horizontal conduit 18 the opposite 



end of which leads from the interior of a 
feed hopper 20. The hopper 20 is mounted 
on a platform 22 suppchtecl on oppositely 
arranged rails 24 (only one being shown) 
which are, in turn, supported by vertical 7Q 
rails 26 connected at their lower ends to rails 
28. The rails 28 extend from the lower por- 
tion of the housing 12. 

The platform 22 also serves to support a 
pair of inverted U-shaped brackets 30, each 75 
having a pair of wedge-shaped ears 32 at 
the curved apex thereof to rigidly support a 
funnel 34 leading into an opening in the 
upper wall of hopper 20. 

Within the housing 12, just under the spout 80 
16, is a hollow cone 36 having its apex within 
the aperture of the upper plate 14 coincident 
with spout 16, and having a serrated lower 
edge including teeth 38. The cone 36 :s 
mounted within the housing 12 by means of 85 
three radially-arranged bars 40 the outer 
ends of which are connected to the inner 
surface of the housing and the inner 
ends of which meet underneath the lower 
end of the cone (as best shown in Fig. 4). 90 
Each of these bars 40 is provided with a 
bracket 42 consisting of a vertical portion 
and an upper horizontal portion. The hori- 
zontal portion is provided with an aperture 
through which is adapted to extend the stem 95 
of a screw 44. The screw 44 extends into 
the lower end of a boss 46 integral with the 
inner surface of the cone 36. there being 
three bosses 46, one for each bracket 42. 

Suspended from the bars 40, around their 100 
junction, is an annular channel 48 within 
which is provided a ball bearing assembly 
50., Rotatably positioned within the ball 
bearing assembly 50 is the upper end of a 
hollow shaft 52, the lower end of which *s 105 
rotatably supported in a hollow bearing 54 
at the lower end of the housing (see Fig. 2). 
The intermediate portion of the shaft 52 **s 
rotatably supported by a ball bearing 
assembly 56 held in an annular channel j8 110 
suspended from the undersurface of a bot- 
tom wall or floor 60, this floor 60 having :< 
central aperture through which the shaft 52 
extends. The shaft is driven by means of a 
bevel gear 62 mounted thereon below ball 115 
bearing assembly 56, this gear 62 being In 
mesh with a bevel gear 64 mounted on the 
motor shaft 66 of an electric motor 68. 

Connected to hollow bearing 54 is a fluid 
conduit 70 which is connected to a pump 72. 120 
This pumn is only diagram mat ically illu- 
strated by may take any desired form and 
may be either mechanically or electrically 
driven as well as being either automatic or 
hand actuated. A conduit 74 connects the J 25 
pump to a tank 76 in which is stored wetting 
agent. The wetting agent, which is generally 
in the form of a solution, is Dumped by 
means of this system into the bearing 54 and 
then through the hollow shaft 52. ~ In its 130 
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course through the lower portion of the 
shaft, the fluid or wetting agent is heated by 
means of a heating coil 78 connected to a 
heater 80. The heater 80 is preferably eiec- 
5 trically operated in the ordinary manner. 
Since this type of heating ap paratus is com- 
monly known, it has not been~illustr-ated-~tn 
any detail here. 

By the above means, the fluid or wetting 

10 agent solution is heated to prevent any 
freezing of the fluid under cold condition s 
of use. After being so heated, the solution 
flows out of openings 82 and 84 in the shaft 
onto respective discs or plates 88 and 86. 

15 These discs 86 and 88 are connected to the 
shaft 52 and rotate therewith. Consequently, 
the liquid falling thereon is whirled about 
and projected into the falling stream of pul- 
verulent material, as will be more fully de- 

20 scribed hereinafter. 

At the same time that the wetting agent 
is projected outwardly by the discs 86 and 
88, additional wetting agent is sprayed in- 
wardly by means of an annular series of 

25 nozzles 90. These nozzles 90 project radially 
inwardly from an annular pipe 92. This pipe 
92 is positioned within an annular chamber 
94 extending radially outwardly of the cylin- 
drical wall of the housing 12. The pipe 92 

30 is mounted in the chamber 94 by ordinary 
mounting means (not shown) and is supplied 
with wetting agent solution from a source 
which is preferably the tank 76 but which 
may, if desired, be a separate source. The 

35 solution is conducted to the pipe 92 in any 
desired ordinary manner such as, for ex- 
ample, a pumping system (not shown) simi- 
lar to that indicated for the flow through 
shaft 52, a gravity feed or any other desired 

^0 system. 

. Also mounted on the shaft 52, by means 
of a hub 96, is a four-bladed agitator 98. 
The blades of the agitator 98 are helical in 
shape and rotate, with the shaft 52 adjacent 

^ 5 the upper surface of the wall 60. A metal 
hoop 99 -is securely fixed to the top edge of 
each blade to increase the blades rigidity 
and reduce any tendency for them to bend 
under load. These blades extend slightly 

30 beyond the cylindrical wall of the housing 
12 into a peripheral channel 100 which is 
formed 6y an outwardly-extending, annular 
angle-iron 102 at the top and by an annular 
extension 104 of wall 60 at the bottom. Be- 

D -> tween these top and bottom members, an 
annular insert 106 is provided to form the 
outer wall of the channel 100. Adjacent 
one portion of the channel 100. a slot 108 ;s 
nrovided in the wall 60, and from this slot 

•0° there extends a chute 110. If desired, a 
plurality of annularly spaced slots 108 and 
of chutes 1 10 may be provided. 

In operation, the pulverulent material to 
be treated is inserted into the apparatus 

65 through funnel 34 from which it flows 



through hopper 20 into spout 16 and thence 
onto the apex of cone 36. As the material 
flows dawn over cone 36, it is spread out into 
a constantly thinning annular stream until it 
eventually drops from the bottom of the cone 70 
in the form of a hollow cylinder. As the 
hollow cylinder of pulverulent material falls, 
annular streams of wetting solution, thrown 
out by the discs 86 and 88, penetrate it from 
the interior while other streams of wetting 75 
solution, sprayed by nozzles 90, penetrate it 
from the exterior. The force of both inner 
and outer streams and the relative thinness 
of the cylindrical stream of pulverulent 
material result in a substantial wetting of 80 
most of the pulverulent material treated; 
nevertheless, in order to obtain an even 
greater degree of wetting, the pulverulent 
material, as it falls upon the wall 60, is agi- 
tated and tumbled by the agitator 98 where- 85 
by it is not only retained in the wetting area 
for some additional time but is also, due :o 
the tumbling action, more thoroughly ex- 
posed to the wetting fluid. The pulverulent 
material having been thoroughly wetted, is 90 
then swept by the agitator blades through 
slot '108 and chute 1 10 into collecting means 
for removal. 

The teeth 38 provided at the serrated lower 
edge of the cone 36 serve a definite purpose 95 
in the above-described action. As will be 
readily understood, as the film of pulveru- 
lent material flows down the cone 36, the 
film becomes increasingly thinner due to the 
constantly increasing cone diameter over 10O 
which it slides. By providing the additional 
area formed by the teeth 38, the stream flows 
off the serrated cone in the form of a hollow 
cylinder with the density of the pulverulent 
material falling from the serrated cone de- 105 
creasing outwardly in the radial direction 
(see Fig. 5). Also, the overall density of 
the stream of pulverulent material is reduced, 
consequently the stream is more likely to De 
completely wetted, than if no teeth were pro- 110 
vided at the lower edge of cone 36. 

The apparatus described above has been 
illustrated as combining both interior and ex- 
terior wetting. However, in many instances, 
it is not necessary to use both types of wett- us- 
ing action. In such cases, no fluid need be 
pumped through shaft 52 so that only an ex- 
terior spraying is effected. If desired, the 
hollow shaft 52 and its throwing discs 86 and 
88 may be entirely replaced by a solid shaft. 120 
In such instance, the shaft could be directly 
attached to the motor shaft, thereby eliminate 
ing the gearing. 

On the other hand, if only interior spray- 
ing is desired, the device can be formed as 125 
in Fig. 6. Here, the cone 120 is similar to 
cone 36 and is similarly mounted on radial 
bars 122 by means of brackets 124. The 
shaft 126 is, similiarly, hollow and is provided 
with throwing discs 128 and 130. With the 130 
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elimination of the pipe 92 and nozzles 90, 
there, is no need for the peripheral chamber 
94. The channel 100 can also be eliminated 
and the size of the blades of the agitator 98 
5 are reduced accordingly, in the radial direc- 
tion. Consequently, as these chambers are 
eliminated, the housing 132 is formed com- 
pletely cylindrical. This saving of space 
permits the easy placement of the housing 
10 132 within an insulating jacket which is 
often necessary when the material to be 
treated is very hot or cold. 

The agitating means illustrated in Figs. I 
and 2 comprises a plurality of helical blades 
15 rotating in a horizontal plane. However -t 
is also possible to use other means such as 
is illustrated in Figs. 7 and 8. Here, the 
agitating means comprises a plurality of 
boards or paddles. These paddles include 
M outer paddles 150 and inner paddles 152. 
The paddles 150 and 152 are mounted on 
rotatable shafts respectively designated 154 
and 156. Each of these shafts is provided 
with a separate chain or belt drive indicated 
2 -> at 158 and 160, these chain or belt drives be- 
ing individually and operatively connected to 
a driving motor (not shown). The paddles 
150 and 152 are so driven that each rotates 
* at a 90 degree offset relationship to the next 
30 adjacent paddle so that each paddle follows 
the next in 90 degree sequence. As the 
paddies revolve, they will strike the material 
falling from the cone and tend to throw it 
back into the mixing or wetting chamber. 
*J The paddles, because of their sequential 
motion, act as a moving grate through which 
the material must pass before being dis- 
charged. Although only one bank of 
. paddles is illustrated, it is possible to arrange 
40 them in vertical decks, one below the other, 
to provide for as many interruptions for mix- 
ing or wetting as is necessary to completely 
condition the material before it is discharged 
from the apparatus. 
45 In Figs. 9 and 10 there is illustrated yet 
another agitating means wherein, instead of 
straight paddles such as illustrated in Figs. 
7 and 8, there are provided two decks or 
- banks of rotating wheels 180. These wheels 
~ u 180 are each of the same general construc- 
tion comprising four radial blades extending 
from a central hub. The hub of each wheel 
180 is mounted on a rotatable shaft 182, all 
the shafts 182 of each deck being driven in 
55 unison by belt or chain drives indicated at 
184 and 186 respectively. The wheels 180 
in one bank or deck are arranged so that 
their blades are offset about 90 degrees from 
those of the wheels in the other deck where- 
60 by, during simultaneous rotation, there is a 
sequential movement of material from the 
higher to the lower wheels and then to dis- 
charge. As many banks or decks of wheels 
as deemed necessary may be used although 
65 only two are illustrated. 



Although the above-described apparatus 
has been described as used for solid-liquid 
mixtures, it can also be used for intermixing 
pulverulent materials with each, other, 
whereby the spray streams may be streams 70* 
or pulverulent materials rather than liquid. 
The fine dispersion of the particles in the 
cyJindrically-formed stream issuing from the 
cone and their agitation at the bottom of the 
housing permits a high degree of intermix- 75. 
ture in this manner. 

A single funnel 34 has heretofore been 
shown and described; however, in many 
applications, any number of volumetric feed- 
ing means consisting of a plurality of con- 80 
duits. each leading from a separate source 
of material directly into the hopper 20 may 
be substituted for the funnel 34. For ex- 
ample, in Fig. II there is shown a plurality 
of sources generally designated 200, 202, gs 
204 and 206 which are connected by con- 
duits 208, 210, . 212 and 214 respectively, to 
a hopper 216 similar to hopper 20. Inter- 
posed in each conduit is a valve means 
generally designated as 218, 220, 222 and 224 90 
respectively. By this construction, various 
different types of materials, in various con- 
trolled proportions, may be fed into the hop- 
per and there preliminarily intermixed. This 
mixture then drops onto the cone 36 to form 95 
a descending steam. During the descent of 
the stream, the particles therein tend to 
tumble over each other in the gradually 
widening and increasingly thinning stream, 
resulting in greater 'intermixing of the in- 10O 
creasingly dispersed particles. "As the par- 
ticles then drop from the cone in the hollow 
cylindrical pattern, a further intermixing 
takes place due to the tumbling of the par- 
ticles during their free fall. Although this 105 
results in a very thorough blending, a final 
and most complete blending is effected by the 
previously described agitating means at the 
bottom of the chamber. 

The volumetrically controlled feed of the 1 IO 
various ingredients into the hopper 216 per- 
mits a small amount of one material to be 
thoroughly blended into a much larger 
amount of another material during the dis- 
persion of these materials in the aforesaid 115 
manner. 

The valves 218-224 may be manually or 
solenoid operated or operated in any other 
feasible manner and may constitute metering 
valves or needle valves to effect the desired 120 
controlled volumetric proportioning. 

In any event, the flow of the stream over 
the cone 36 is constant and the capacity of 
the cone to effectively form a stream of 
material is determined by the thickness of 125 
the material passins thereover. 

WHAT WE CLAIM IS:— 

1. Apparatus for mixing pulverulent 
materials or a pulverulent material with a 
liquid, which comprises a vertical housing. 130 
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an inlet for the admission of pulverulent 
material at the upper end of said housing a 
vertically arranged coue provided with' a 
serrated Jower edge and positioned within 
5 said housing below said inlet for distributing 
said pulverulent material in a hollow cylin- 
drical form, the apex of said serrated cone 
being adjacent said inlet, means for propell- 

ir> !!!? a Sp J a u y of . li< l" id °r pulverulent material 
10 into said housing beneath said serrated cone 
and radially of said hollow cylindrical form 
means for agitating the resultant mixture in 
said housing below said serrated cone and 
said propelling means, and means to dis- 
« charge said, mixture below said agitatine 
means. & 

in Claim 1, char- 
acterized jn that said propelling means com- 
prises means for propelling a spray of liquid 
or pulverulent material into said housing be- 
neath said serrated cone radially inwardly 
from without said hollow cylindrcal form 
and means for propelling a spray of liquid or 
pulverulent material into said housing be- 
a neath said serrated cone radially outwardly 
from without said hollow cylindrical form 
J. Apparatus according to claim 1 or claim 
2 characterized in that said inlet is con- 
nected to a hopper having a plurality of 
volumetncally controlled feed means for 
selectively feeding controlled proportions of 
Pulverul ent material into said hopper 

4. Apparatus according to claim 3, char- 
actenzed in that said hoooer has a funnel 
connected thereto. 

5. Apparatus according to any one of 
claims I to 4, characterized in that said ab- 
lating means comprises a plurality of radi- 
ally extending blades mounted for hori- 

w zontal rotation on a common axis 

6. Apparatus according to any one of 
claims 1 to 4, characterized in that said agi- 
tating means comprises at least one deck of 
horizontally spaced paddles, each paddle be- 

« ing individually and sequentially driven re- 
lative to the others. 

7. A device according to any one of 
claims 1 to 4, characterized jn that said 
agitating means comprises at least one deck 
of horizontally spaced wheels, each wheel 
comprising a hub portion from which radi- 
ally extend a plurality of blades. 

to any one of the 
preceding claims, characterized by said hous- 
es mg being a generally cylindrical vertical 
housing the lower portion of said cone be- 
ing ngidaly supported in said housing, said 
agitating means being adapted to tumble pul- 
60 T J™^. descending from said cone 
ou pnor to discharging said material/said pro- 
pelling means comprising spray means posi- 
tioned in annular arrangement around the 
region between said cone and said a^itatm* 
means. . 9 

65 9. Apparatus according to claim 8, char- 



acterized by said spray means comprising a 
plurality of annularly spaced spray nozzles 
connected to an annular pipe positioned 
wniun an annular chamber extending radi- 
ally outwardly of said housing. 70 

10. Apparatus according to any one of 
the preceding claims, characterized by said 
cone being positioned in a mixing chamber 
in said housing defined at its lower end by 
a floor said floor having at least one aper- 75 
ture adjacent its periphery and having a cen- 
tral aperture therein, a rotatable hollow 
shaft extending through said central aperture 
into said mixing chamber, means for rotat- 
ing said shaft, means connecting said shaft 80 
to a source of fluid material; at least one out- 
let opening m said shaft within sakl mixin°- 
chamber, a coaxially arranged disc on said 
shaft adjacent to the or each outlet open- 
ing, said disc being within said hollow cylin- 85 
der and said agitating means being positioned 
in said mixing chamber adjacent said floor 
11. Apparatus according to claim 10 
characterized by a heating means operativelv 
associated with said shaft. . 90 

12 Apparatus according to claim 10 or 
' characterized by said cone having a 
plurality of bosses on its inner surface a 
plurality , of cross-bars extending inward 
from the walls of the chamber toward said 95 
cone, brackets on said cross-bars, and con- 
necting means releasably connecting said 
brackets to said bosses. ' 

13. A method of mixing pulverulent 
materials or a pulverulent material with a 100 
liquid, which comprises dropping pulveru- 
lent material onto an upstanding cone hav- 
ing a serrated lower edge so that said 
material drops from said serrated lower ed<*e 
in a hollow substantially cylindrical form 105 
characterized in that a s D ra y of liquid or 
pulverulent material is propelled radially 
through said hollow cylindrical form. 

14. A method according to claim 13 
characterized in that at least one spray of 110 
liquid or pulverulent material is propelled 
radially inwardly from the exterior of said 
hollow cylindrical form, and at least one 
spray of liquid or pulverulent material is 
propelled radially outwardly from the axial 115 
area of said hollow cylindrical form. 

15. Apparatus for mixing pulverulent 
materials or a pulverulent material with a 
liquid substantially as described herein and 
as shown in the accompanying drawings. 120 

16. A method of mixing pulverulent 
materials or a pulverulent material with a 
liquid substantially as described herein, and 
as shown in the accompanying drawings. 

For the Applicants): 
C. ANDERSON & CO., 
Chartered Patent Agents, 
11-13. Bream's Buildings, 
London, E.C.4. 
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